613th MEETING, CARDIFF 1133 epithelial nature. However, unequivocal proof of the malignant nature of the cells was not possible. The difference in the ability of the NIH and Swiss 3T3 feeder layers to select for the growth of breast epithelial cells remains unclear.
The existence of endogenous cyclic nucleotides in higher plants has been firmly established (Brown & Newton, 1973 ; Brown e t a [ , 19793 ; Newton et al., 1980, 1984) but their roles remain to be elucidated (Brown & Newton, 1981) . Recently it has been suggested that, by analogy with animal systems ?n yhich variation of the endogenous concentrations of 3 ,5 -cyclic nucleotides occur, such concentrations could be involved in controlling the cell cycle in higher plants (Levi et al., 1981, 1983) . These variations in cyclic nucleotide, content could be regulated by the activity of the 3',5 -cyclic nucleotide phosphodiesterase, as has been suggested for the animal systems (ONeill et al., 1975) . In this connexion, the occurrence of functional 3',5'-cyclic nucleotide phosphodiesterases in plants has been reported (Brown el al., 1977, 1979a) . In the present communication, we describe the partial purification and properties of a novel multifunctional cyclic nucleotide phosphodiesterase from Lactuca sativa cotyledons.
Seeds of Lactuca sativa were surface-sterilized with sodium hypochlorite solution and after soaking for 6 h in running tap-water germinated and grown on moist filter paper for 3 days at 24°C in the light. Cotyledons from these plants were then detached and homogenized in Tris buffer (40 mM, pH 6.8) containing Ca2+, Mg*+, NH; (2 mM) and 2-mercaptoethanol (15 mM). The pellet obtained by 30-45% saturation with (NH4)2S04 was resuspended in 40mM-Tris buffer and dialysed for 3 h against the same buffer. After loading onto a Sephadex (3-200 column (24ml of bed volume), two peaks of phosphodiesterase activity were eluted. The first (1 1.5-13 ml) was of low activity and not studied further. The fractions comprising the second peak (15-19ml) were pooled and concentrated to 1 ml by ultrafiltration through an Amicon membrane (YM 10). After applying to an Affigel Blue affinity chromatography column (3.5ml of bed volume), two peaks of activity were eluted. The first eluted with the washing buffer (40mM-Tris/HCl, pH 6.8) and the second was eluted by 2 M-NaC1. These peaks were concentrated by ultrafiltration through an Amicon membrane and dialysed overnight against the same Tris buffer. Cyclic nucleotide phosphodiesterase activity was routinely determined by a modification of the procedure of Thompson & Appleman (1978) , using 3H-labelled adenosine, and cytidine and guanosine cyclic nucleotides as Vol. 13 BIOCHEMICAL SOCIETY TRANSACTIONS substrate. Incubations were in a total volume of 200p1 and included presence of 3' and 5' nucleotidases. The enzyme had an apparent M, of 72000, as determined by gel filtration. The K , values with 3',5'-cyclic AMP, 3',5'-cyclic GMP and 3',5'-cyclic CMP were similar but the Vma. values were higher when 3',5'-cyclic CMP was the substrate. Little activity was exhibited by the first peak from affinity chromatography and it was not therefore studied further. The second peak had a specific activity of 119nmol/min per mg of protein with an 862-fold purification relative to the initial dialysed crude homogenate (Table I) , and was active towards all three 3',5'-cyclic nucleotides studied. The highest velocity was obtained with the cytidine nucleotide as substrate. The enzyme was active in the absence of added metal ions, but this basal activity was increased by the addition of Fez+ and Co2+ and to a lesser extent by Mg2+, Mn2+ and Zn2+. The highest activity was obtained More recently the natural occurrence of a third cyclic nucleotide, cytidine 3',5'-cyclic monophosphate (cyclic CMP), has been established unequivocally by means of the large-scale extraction and purification to homogeneity of an analyte and its identification as cyclic by h.p.l.c., u.v., i.r. and p.m.r. spectroscopy, fast-atom bombardment (FAB), mass spectrometry and mass-ion-kinetic-energy scanning (MIKES) (Newton et al., 1983 (Newton et al., , 1984a et al., 1984) , including a cyclic CMP-specific phosphodiesterase (Newton & Salih, 1983 , 1984 ).
mass-ion-kinetic-energy scanning.
Abbreviations used: FAB, fast-atom bombardment, MIKES,
The existence of three naturally occurring cyclic nucleotides, at least two of which are key regulatory factors, together with the known diversity of purine and pyrimidine nucleotides, led to an investigation of the possible occurrence of any other 3',5'-cyclic nucleotides. In this communication the partial purification of putative cyclic nucleotides is described, together with the provisional identification of these compounds by chromatographic and spectrophotometric means. Unequivocal identification was obtained by means of MIKES of the relevant molecular protonated ions produced by FAB of the extracted nucleotides, a technique shown t o be of particular relevance in the analysis of cyclic nucleotides (Kingston et al., 1984 (Kingston et al., , 1985 . The analysis of tissue extracts for enzymes capable of the synthesis and degradation of the novel cyclic nucleotides is also described.
Liver, kidney, heart, spleen and lung tissues of adult Lister Hooded rats were freeze-clamped and extracted then applied to an alumina column, as previously described (Newton et al., 1984) . The material obtained from the alumna column was applied to and eluted from a QAE Sephadex column (Cl-form, 1.2 cm x 80 cm) in order to separate the cyclic nucleotides from non-cyclic nucleotides, and then applied to and eluted from a SP Sephadex column (formate form, 1.1 cm x 55 cm) in order to separate the cyclic nucleotides from nucleosides and free bases. The eluants containing the putative cyclic nucleotides from each batch of samples were combined, applied to a Uniphor preparative electrophoresis column and separated as previously described for cyclic CMP (Newton et al., 1984) . The fractions showing the same electrophoretic mobilities as those displayed by standard 3',5'-cyclic AMP, -cyclic GMP, -cyclic CMP, -cyclic UMP, -cyclic IMP, -cyclic TMP and -cyclic XMP were each retained and analysed.
Each of the fractions contained a major or sole component which co-chromatographed with the corresponding 1985
